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S U M M A R Y  

T h i s  paper  cons ide r s  all Dossible  cases  of  f low o f  an i d e a l  

compressible  conduct ing f l u i d  under s p e c i f i c  assumption. Some p a r t i a l  

f io lu t ions  of  magnetohydrodynamics equat ions  a r e  obta ined ,  which o f f e r  
s p e c i f i c  i n t e r e s t  for the  s tudy  of g rad ien t  winds  and motions of cyclo- 
n i c  c h a r a c t e r  i n  an  e l e c t r i c i t y - c o n d u c t i n g  atmosphere,  

8 

* * 

For l a r g e - s c a l e  motions i n  a conducting atmosphere ( ionosphere ,  

solar atmosphere) t h e  e f f e c t s  of t h e  f o r c e  of g r a v i t y  and t h e  nonconserva- 

t i v e  d e f l e c t i o n  r o t a t i o n  fo rce  become determining.  Thie  is confirmed by 
t he  s i m i l i t u d e  p r i n c i p l e ,  according t o  which t h e  a c t i o n  of e x t e r n a l  for -  
ce6 is so much the  g r e a t e r  a.~ the  s c a l e  of  t h e  event  is g r e a t e r .  That  is 
why t h e  i n c l u e i o n  of  t hese  forces  du r ing  t h e o r e t i c a l  i n v e s t i g a t i o n a  of 
l a r g e - s c a l e  even t s  i n t o  t h e  magnetohydrodynamics equa t ions  becomes indis- 
pensable .  
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I n  t h e  present  work, w e  s h a l l  s eek  p a r t i a l  s o l u t i o n s  of t he  magne- 
tohgdrodpnamics equat ions  for an i d e a l  compressible conducting f l u i d  i n  
t h e  preeence of  mws f o r c e s ,  when t h e  v e l o c i t y  and the  magnetic f i e l d s  
a r e  given i n  the  form: 

u =  u(y), u = v ( z ) ,  w =ao; (1) 

H ,  = H,(y), Hu = H , ( z ) ,  Ilz  = 0. (2) 

It is found t h a t  p r e c i s e l y  such v e l o c i t y  and magnetic f i e l d  forms 

provide t h e  p o s s i b i l i t y  of s tudying  l a rge - sca l e  g r a d i e n t  winds and motions 

of  a cyc lonic  c h a r a c t e r  i n  a conducting atmosphere. 

The system of magnetohydrodynamics equa t ions  h a s ,  at above-indica- 
t e d  a s sunp t ions ,  the  form : 

grad P' = p ( F  - ( v V ) v )  + (11V)i1/4n, 

(v - g r d  p )  = 0, 

(vV)II - ( L Y ; V  = 0, 

(3) 

(4)  

(5) 

where  

F = (2h3v)i + (--2h3u)j 4- (--6 - 2hi, C ) i i  ie t h e  ma68 f o r c e ,  r e p r e s e n t i n g  the sum 
of t '-e f o r c e  cZ x a v i t y  a d  ox' the d e f l e c t i n g  r o t a t i o n  f o r c e ;  ha, hi are t he  
v e c t o r  conponents of  t he  angular  v e l o c i t y  A.  

P' = p $. 1 I 2 / 8 X  is the  t o t a l  presfiure of  t h e  medium, p is t h e  d e n s i t y ,  

Below, we shall msume , everywhere, t h a t  t h e  f i r s t  d e r i v a t i v e 8  
frocn u, \r , H, and H always exist. The c a s e ,  when one of  t hese  d e r i v a t i -  Y 
vet3 conve r t s  t o  zero, o f f e r s  no s i g n i f i c a n t  i n t e r e s t ,  and t h a t  is why we 

shall not  cons ide r  i t .  Thus, we p o s t u l a t e  : 

dlI,  
-# 0. 

dH, du dU 
- dY # 0, -#O, dx -#O, dY dX 

I n  the  coord ina te  form the  equat ions  (31, (4) and (5) take t h e  

form 

0 o / o  0 
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dP' 
(9) dz 

(10) 
8P dQ u - + u - = o ,  
ax al/ 

ail, au 
~--",-=0, (11) a!/ aY 

c I.Tv av 
11, - 0. (12) 

P (g + 2 h i 4  , -=- 

2 - 
GI -7 d X  

Takins  i n t o  account the condi t ion  (61, w e  may ob ta in  from (11)  

and (12) t h e  fol lowing e c u a l i t i e s  : 
-+ -, 

u = aR,, u = a!?,,, v = aH, (13) 

where a is an a r b i t r a r y  c o m t a n t .  

E l imina t ing  t h e  pressure  P' from t h e  equa t ions  (7) - ( 9 1 ,  and ta- 
k i n g  i n t o  account the  c o r r e l a t i o n  (13),  we s h a l l  have a f te r  s imple  t r a n s -  

for rmt ions  : 

Mult ip ly ing  (141, (15 )  and (16 r e s p e c t i v e l y  by , 
- n -  2 ? , , ~  and adding, we s h a l l  have as a r e s u l t  : 

9.P = y, (17) 

The express ion  (17) may take place in one of t h e  fo l lowing  ca8ee: 
1) e i t h e r  y = 0, then  

case  t h e  dene i ty  p would a l s o  become zero;  

2) o r y  0, then  p+ 0 ,  

too must become zero ,  f o r  i n  t h e  oppos i t e  



4. 

1 . - L e t  us i n v e s t i g a t e  first of  a l l  t he  motion f o r  ti-e second 

ca8e. S ince  
the  eaua t ion  (17) : 

# 0 and p # 0, the d e n s i t y  p its d e t c . w i ? e c i  directly from 

P = V I P =  P k l I ) .  (18) 

Consequently, f doee not iiepend on z .Then ,  from the  equa t ions  
(14) , ( 6 )  and (101, we s h a l l  have  : d p  Isu = 0; dp / as  

case considered t h e  medium must be viewed a6 incompreesible .  Taking i n t o  

account t he  cond i t ions  (61, we s h a l l  f i n d  from the  equat ion  (15) : A i  = 0, 

t h a t  is, t h e  considered motion is poss ib l e  only a t  t h e  pole .  Then t h e  equa- 

t i o n s  (16) and (18)  become uncondi t ional  and w e  s h a l l  o b t a i n  f o r  t h e  den- 

,J, Therefore ,  in t h e  

s i t y  y :  
A 

S u b s t i t u t i n g  4 from (1") i n t o  (131, we c+d . l  find : 
- 

v = I1 I1'4np. (20) 

I n  t h i s  cz se  t k e  ecuzt5.aiw (7)- (9) take t h e  foriu: 

1 dP' 1 BP' - 2h3U, - - = -2a3u, --- - - g. (21; 
1 dP' --- 
P P 4/ P 

Hence w e  determine the  pre.,. -Sure : 

where Po' is an arbitrary cons tan t .  

I n  the  absence of m a m  forces ( x3 = 0 ; g = 0 ), t h e  obtained equa- 
t i c n  co inc ides  with the  wel l  known s t a t i o n a r y  s o l u t i o n  of magnetohydrody- 

namics c 1 ,  21 , It may be shown % h a t  g rad ien t  wind must e x i s t  a t  t h e  pole  
under t h e  a c t i o n  of mass f o r c e s ,  t h a t  i s ,  a wind blowing a long  the  ieobar .  
Indeed,  rnul t iplyixr  t he  first of t h e  equat ions  (21) by AP'/ay, and the 
second : -y -dP'/dx and adding, we o b t a i n  : 

T h i s  equat ion expre r ses  the cond i t ion  of v e l o c i t y  v e c t o r  perpen- 

d i c u l p r i t y  t o  g r a d i e c t  of p r e s m r e ,  But,  i n  t h e  case of plane motion, t h e  

pres,cure g rad ien t  i R  the v e c t o r ,  d i r e c t e d  a long  t h e  normal t o  i s o b a r s .  
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ConEequentlp, i n  t h e  case under coneidera t ion  t h e  v e l o c i t y  v e c t o r  is 
d ' rected a long  t h e  i soba r .  

Note t h a t  formula (21) provides  the  p o s s i b i l i t y  of computing 

t h e  g rad ien t  wind v e l o c i t y  by the  g r a d i e n t  of pres su re ,  For exasp le ,  i f  

we cons ide r  t h a t  
of t h e  equat ions  

the  axis x is p a r a l l e l  t o  t h e  wind d i r e c t i o n ,  t he  second 
(21) may be r e w r i t t e n  i n  t h e  form: 

1 dP' 2Vlh4= -- I p  aril' 
where V is t h e  wind v e l o c i t y ,  n is t h e  d i r e c t i o n  of t h e  normal t o  t h e  

ieobar.  Expressing,  as an example f o r  t h e  ionosphere,  

component a t  t he  pole of t h e  E a r t h ' s  r o t a t i o n  v e c t o r  through t h e  va lue  
of t h i s  v e c t o r ,  and t ak inq  i n t o  account t h a t  a t  t h e  pole  t h e  l a t i t u d e  

!3 the vertical 

CQ s 900, we shall have : 

h sin cp = iL ( f o r  the  Northern hemisphere) 

end consequently 
IT= G /27., 

where G 

be gene ra l i zed  for an a r b i t r a r y  l a t i t u d e  7 , p r o v i d e d  w e  assume at t h e  
o u t s e t  t h a t  t h e  value of -2h ZL i n  t h e  i n i t i a l  equa t ions  (7 )  - (9)  is 

--per , I n  t h a t  c s e  w e  s h a l l  ob ta in  f o r  small by comparison w i t h  t h e  term 

i s  the  value of pressure  g rad ien t ,  T'ote t h a t  formula (23) can 

l? 

t he  g rad ien t  wind : 
V = G 1 2h sin (p. 

The f i r s t  two equat ions  (21) i n  v e c t o r i a l  form may be w r i t t e n  

as follovrs : 

where 
l7- A t G = 0 ,  

F=(2h3v)i+(-2h311)j. G = ( - - - - ) i + ( - - - - ) j ,  P ax 
I apt I apf 

P aY 

whence i t  follows t h a t  t h e  vec to r s  ? and Q are e q u a l  i n  magnitude and 

have oppos i te  d i r e c t i o n s .  I n  tke case  of t h e  ionosphere,  t ak ing  i n t o  

account  t h a t  i n  t h e  Northern hemisphere the  d e f l e c t i n g  f o r c e  F is 
d i r e c t e d  t o  the  r i g h t  , provided one looks i n  t h e  d i r e c t i o n  V of t h e  
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wind v e l o c i t y ,  the vec tor  c) i s  d i r e c t e d  t o  t h e  l e f t  and s i n c e  t h e  p r e e  
s u r e  i n  t h e  d i r e c t i o n  v a r i e s  from g r e a t e r  t o  l esser ;  t h u s ,  t o  t h e  r i g h t  

of V w e  have a high pressure  reg ion  and t o  the  l e f t  - a low pressure  r e  :ion. 

The p a t t e r n  i E  oppos i te  i n  t h e  Southern Hemisphere. T h i s  resul t  co inc ide8  

with t h e  "Byuye - Balloft l a w  c33*, 

t o  t h e  

y =o, 

Therefore ,  t h e  s o l u t i o n  found f o r  t he  case # 0 ; 1 # 0 p o i n t s  
p o s s i b i l i t y  of ex is tence  of g rad ien t  wind i n  a conducting atmosphere. 

2. - L e t  UG now pass  t o  the i n v e s t i g a t i o n  of motion i n  t h e  case 
p = 0. The equat ing  of and p t o  zero  provides  two cond i t ions  : 

Two cases  must be d i s t ingu i shed  here 1) Ai = 0,2) 2A3 + d v / B x  = 0. 
L e t  us now examine a t  f u r t h e r  l enq th  the  first case : from t he  

equat ions  (14) - (161, t & i n g  i n t o  account t he  c o n t i n u i t y  equat ion  ( l o ) ,  
and = 0 we may o b t a i n  the  fol lowing e q u a l i t i e s  : 

Hence: a) e i t h e r  a p / d x = O ,  3n/ay=O,or b) a ~ / d y + d ~ / a x = O ,  d p / J z = 0 .  

Le+. UF cons ider  t h e  case a). For u , J w e  s h a l l  have 

u = - - a y + F ,  v = n x + q ,  (26) 
w h e r e  0, E ,  q a r e  a r b i t r a r y  cons t an t s  

-'Tom t he  equat ion  (13 )  we shall f i n d  f o r  t h e  magnetic f i e l d :  

where n = C2 I a, j ,  = j I a, qI  = q/n. Assuming E = Qq2, q = -Qqi, where q2, ql 

a r e  o t h e r  a r b i t r a r y  cons t an t s ,  we s h a l l  o b t a i n  from (26)  and (27) 

It follows from these  formulas t h a t  t h e  Eolu t ion  found r ep resen t s  
the  r o t a t i o n  of a conducting f l u i d ,  t ak ing  p lace  a t  the  pole  w i t h  a cons- 

t a n t  a n f w l a r  v e l o c i t y  Q about a c e n t e r  w i t h  coord ina tes  (to = qi; yo = q z ;  

zi) = .). 

* Cin t r a n s l i t e r a t i o n 1  
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S u b s t i t u t i n g  t h e  va lues  of u and d' i n t o  the  eaua t ions  (14), (l:), 
(16) and (101, we shall determine the dene i ty  : P 

p = poe-o(0), (29) 

where C ~ , ( G )  is an a r b i t r e r y  funct ion of its argument; 

Fornula  ( 2 9 )  shows t h a t  the  d e n s i t y  f v a r i e s  with he igh t ;  at t h e  
same t i m e ,  by proper  assortment of t h e  a r b i t r a r y  func t ion  *(a) 
poss ib l e  t o  o b t a i n  t h a t  t h e  dens i ty  vary  i n  a des i rab le  f a sh ion ,  for example, 

i n  correspondence w i t h  t he  t r u e  condi t ions  i n  t h e  conducting atmosphere. 

i t  is always 

S u b s t i t u t i n g  p , u , u , I l . ,  and H y i n t o  the  equat ions  (71, (8)  and (s ) ,  
w e  s h a l l  f i nd  the  presFure P' : 

\-bere 'If(,,) = Po' ir a conr t aa t .  

Tt f O l l O V j S  from forniulas (28) and ( 2 9 )  t h a t  t he  i soba r6  c o n s t i t u t e  

i n  every h o r i z o n t a l  plane of cu r ren t  l i n e s ,  j u s t  as do the  magnetic l i n e s  
o f  fo rce ,  concen t r i c  c i r c l e 6  with c e n t e r  a t  t h e  po in t  ( ~ ~ , y ~ , z ~ ) .  Conee- 
quen t ly ,  the  s o l u t i o n  found po in t s  t o  t h e  p o s s i b i l i t y  of  motion of cyc lonic  

c h a r a c t e r ,  t ak ing  place a t  t h e  pole i n  a ccinducting atmosphere; a t  t he  same 

time i n  case of minimum, a s t a t i o n a r y  magnetohydrodynamic cyclone w i l l  be 

p r e s e n t  a t  t h e  c e n t e r  of i s o b a r s ,  and i n  case  of maximum- an an t icyc lone  
( s e e  C41). 

I n  the  case b) t%e dens i ty  is a cons tan t  auan t i ty .  For t h e  determi- 

n a t i o n  of u and J , t h e  s i n g l e  condi t ion i:mosed t o  t h e  v e l o c i t y  f i e l d ,  
w i l l  be : 

& ? V / L k C 2 T \ . U = O l  GFLi/dy'+vu=O, 
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where Ci, CZ, 31, D2, a, b ,  C, d, Ai, A29 1;s are cons t an t s  . 
DeFending upon the boundary cond i t ions ,  only one s o l u t i o n  for u 

and V' may at  a l l  t imes be s e l e c t e d  from t h e  above s o l u t i o n s .  Upon f ind ing  
u and tr, w e  s h a l l  determine H,and H from the formulas ( I S ) ,  and t h e  
pressure  P' from t h e  equat ions  (7 ) .  (8)  and (9 ) .  

u = -2113s 4- q, and then  we s h a l l  f i nd  from (25) u = a.v 4- E. 

Y 

Let us now examine the  second case  when d y l d t  + 2jL3 = 0. Hence, 

w e  s h a l l  o b t a i n  f o r  the values  of  t h e  v e l o c i t y  and of  t h e  magnetic f i e l d  

formulas analogous t o  (28) 
u = -Q(y - QZ), u = Q(z - qi) ' ,  w = 0, 

H ,  = - n ( y  - 9 4 ,  H ,  = n(z - G , ) ,  H, = 0, 

but  w i t h  the  d i f f e r e n c e ,  however, t h a t  here  Q w i l l  no l o n g e r  be an arbi- 

t r a r y  cons t an t ,  bu t  a quan t i ty  l i nked  w i t h  t h e  l a t i t u d e  confitant b(-Q = 2b) ,  

which, obviously,  l i m i t s  t h e  motion q u i t e  considerably.  I n  t h i s  case w e  
f i n d  from (14)  and (10) t h a t  

(15,) ve s h a l l  o b t a i n  
Concecuently, p emerqes a s  an a r b i t r a r y  func t ion  of 5 :  

dp/ dy = 0, dp / 8s ='O, and from the  equat ion  
= O .  The ecuc?tion (16) is f u l f i l l e d  au tomat ica l ly .  

1 

P = P(5 ) .  (31) 

The p res su re  is found again by formulas (71, (8 ) ,  ( 9 ) :  

Hence i t  follows t h a t  i n  h o r i z o n t a l  planes t h e r e  are only "magnetic 

i sobars" ,  c o n s i s t i n g  of c i r c l e s  with c e n t e r  at the  p o i n t  ( 9 ,  q,, z o ) .  

T h i s  is t h e  w a y r e o b t a i n  a motion of cyclonic  c h a r a c t e r ,  l i n k e d  

wi th  t h e  l a t i t u d e  cons tan t  CP. According t o  Fridman terminology C53, such 
motions are c a l l e d  "geoanticyclon" i n  s t anda rd  meteorology. 

Summing up, we conclude, t h a t  all poss ib l e  ca6es of ideal compreserible 

conduct ing f l u i d  flow have been considered under t h e  assumptions made at 
t h e  o u t s e t .  

I n  concluding the  author  expresses  h i s  g r a t i t u d e  t o  D.V.Sharikadee 

f o r  d i scuss inq  t h e  work. 
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